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Potential non-response bias was investigated in a follow-up study of 2,0H 
chronicMly disabled patients. 82.5% and 73.3% of the study subjects responded 
to self-administered mail questionnaires respectively at 6-month and 1-year follow.up. 
Information on employment status, the outcome of .interest, of approximately 90% 
o.f the non, respondents was obtained from indirect sources. Employment rate was 
lower among the non-respondents than the respondents. Non-response ~vas asso- 
ciated with age, social class, previous employment record, and the type of 
disability; but none of these characteristics were associated with the outcome. 
Out .of the five known independent risk factors for unemployment, only one 
(incompletion of rehabilitation course) was associated with non-response. 
The employment rate among the respondents ~was also assessed accord,ing to the 
delay in response, that is the number of reminders sent to achieve response. The 
outcome among- the  late respondents was similar to that among the non- 
respondents. These data suggest that (a) risk estimates may be t~iased even 
when the response rate is greater than 80%, (b) the prevalence of risk factors 
among non-respondents may not indicate the presence or the degree of non-response 
bias, but (c) reliable estimates can be obtained from extrapolations of the rates 
among the respondents according to the delay in response. 
INTRODUCTION 
Non-response in prospective studies may be 
described as (a) non-part icipation by a s,ec,ti.on of 
a study sample, (b) loss among part icipants  due 
to death (for  .example, i,n morbidi ty  or  social 
studies) or emigration, and (c) non-response to 
follow-up among study subjects available for the 
follow-up. Any one or all of these sources .of 
selection process  may be operat ing in a prospect ive 
study. Irrespective of :the type, if non-response 4s 
associated with the risk factors and the outcome 
of interest, Nsk estimates are very likely to be 
biased (9). In any case, an estimate o.f the incidence 
of outcome among  non-respondents  is necessary 
in order  to assess [he presence and the extent of 
possible non-response bias. Theoretically, however,  
non-response bias may exist even when the risk 
factor  prevalence and .outcome incidence among 
the non-respondents  are the same as among  the 
respondents  (4, 7). 
Desp.ite the .preventive measures,  some degree 
of non-response is f requently found in prospect ive 
studies. Ideally, a separate follow-up .o£ a rep- 
resentative s,ample of non-respondents  .shoutd be 
carr ied out  to ascertain the outcome. Alternatively, 
the required informat ion  may be obtained f rom 
an indirect source, such ,as hosp4tals and regist,eries 
~(9). Depending on the outcome of interest, these 
procedures  may not be possible or feasible. If  the 
s tudy sample is a homogenous  group, s.om.e 
investigators assume no difference in outcome 
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between  responden ts  and non-respondents  (1). 
Such a s sumpt ions  are  not  u n c o m m o n l y  made  in 
cross-sectional  surveys achieving response  ra tes  
as low ,as 49% (17). Estima,tion of the ~, m a x i m u m  
or  m~in~imum possible  incidence >, in non-re- 
spondents  has  :also been  professed  (10). Ac- 
cordin,gly, a range  of ra tes  for  the s tudy sample  
is calculated,  one ex t r eme  on  the a s s u m p i o n  tha t  
the non-respondents  have had  a favorable  ou t come  
and the o ther  on the opposi te  assumpti ,on;  the 
t rue  ra te  being somewhere  be tween  tl~e two 
extremes.  Alternatively, it might  be  a s sumed  tha t  
the non-respondents  have an incidence ra te  double  
or  half  that  of the responden ts  ( 11 ). Unless the  non- 
response  ra te  is low and  the ou tcome  is .a f requent  
,event, a range of r isk es t imates  is og l imited 
use  (9). Besides, the in te rpre ta t ion  of the relat ive 
r isk will b.e difficult  if there  is a weak  associa t ion  
be tween  r isk  f ac to r ( s )  and outcome,  tha t  is, if 
,one ex t r eme  of the range  of r isk  rat ios  is not  
s,ign, if ieantly di f ferent  f r o m  1. 
I t  m a y  be possible  to .obtain in fo rmat ion  .on 
demograph i c  character is t ics  of  the non-p.articipan,ts 
f r o m  o ther  sources .  A compar i son  of the parti,ci- 
p,a.n, ts and tbe non-par t ic ipants  wi th  respec t  to age, 
sex, educa t ion  and  e m p l o y m e n t  ,status has been  
used to rule out  non-response  bias (1). I t  is as- 
sumed  tha t  groups  wi th  s imilar  charac ter i s t ics  will 
have MmLilar risk,s. But, these charac ter i s t ics  may  
not  be  r isk  fac tors  for  the .outcome of  in teres t  ; and 
even ~if they are, the two groups  wi th  s imi la r  
demograph ic  charac ter i s t ics  m a y  differ  f r o m  ,each 
o the r  wi th  respec t  to o ther  r isk  factors.  However ,  
if there  is non-response  to follow-up, it  may  be 
p.ossib.}e to es t imate  the incidence .of ou t come  
among  the non-respondents  ,from b'aseHne preva- 
lence of. ,risk fac tors  in the non-respon~dents. 
The  influence of the event  unde r  iaavestigation 
on heal th  or  psychosocia l  .survey response  
behav ior  has been  d e m o n s t r a t e d  in m a n y  s t u ~ e s .  
I t  appea r s  tha t  non-resp 'ondents r e semble  m o r e  
wi th  'l.~te responden ts  ,in t e r m s  of the prevalence  
of the event  or  charac ter i s t ic  of interest ,  .than 
wi th  ear ly  r e sponden t s  (2, 6, 8, 12). Although an 
es t ima te  fo.r non- respondents  is based  on 
guesswork,  it .is an in fo rmed  guess .(2). Tl~i's 
p rocedure  has not  been  utilized in es t imat ing  
the incidence of ou tcome  ~n non-respondents  in 
prospec t ive  studies.  
An .opportunity to s tudy response  behav ior  
and  the charac ter i s t ics  of non-respondents  
occu r r ed  dur ing a follow-up s tudy of ~ainful 
e m p l o y m e n t  in a cohor t  of  chronical ly disabled 
sub jec t s  (14, 15). This r epor t  p resen ts  s u m m a r y  
da ta  to demons t r a t e  tha t  the preva lence  of k n o w n  
r isk  fac tors  may  give mis leading .estimates ,of 
ou t come  in non-respondents ,  and tha t  r e sponse  
behav ior  of r esponden ts  gives an indicat ion of 
the p robab le  direct ion of non-respo.nse bias, if 
it exists. 
MATERIAL AND METHODS 
The s tudy popula t ion  consisted of all .eco- 
nomical ly  act ive disabled pa t ien ts  with employ- 
men t  p rob lems  a.t tributable to their  disabi~lity 
.discharged f r o m  three  rehabi l i ta t ion centres  in 
,Greater London, England,  during the years  1973 
to 1975 ( two cent res)  and 1975 to 1976 (one 
centre) .  Details o.f demograph ic  and social 
character is t ics ,  and medical  and e m p l o y m e n t  
his tories  were  obta ined  f rom the case no'tes a t  
the three  centres.  The resul ts  of funct ional  and 
psychological  assessments  for  each par t ic ipant ,  
and general  u n e m p l o y m e n t  ra tes  in h is /her  home  
area  .at the t ime  of discharge f r o m  the centre  
and :during follow-up were  also recorded.  These 
data are rout inely collected and  reco.rded in a 
s t anda rd  f o r m  at the .centre.s (15). 
Members  of the original cohor t  who for  any 
reason  (.death, .emigration, or conf inement  .~o 
pr i son)  were  not  at r isk of u n e m p l o y m e n t  in the 
United Kingdom were  excluded f r o m  fol}ow-up. 
Data .on a group of 398 patients ,  who were  
a t tending  a r e c o m m e n d e d  full-t ime vocational  
t raining ,course dur ing the follow-up period, were  
analyzed separa te ly  since they could not  be  counted 
as , ,  unemployed  ,,. Follow-up was conducted by  
sel f -adminis tered mai l  ques t ionnaires  6 months  
and  1 year  af ter  discharge. Subsets  of .the s tudy 
popula t ion  were  fol lowed for  2, 3, or 5 years.  
At each follow-up, the quest ionnaire  inqui red  in 
confidence abou t  employment ,  vocat ional  training, 
and the reasons  for  u n e m p l o y m e n t  where  appli- 
cable. Up to four  reminders  were  mai led to those 
who  fai:led to re tu rn  the comple ted  questionnMres.  
Telephone contacts  were  also made  wi th  ,those 
avMlable on the telephone. In:formation ab.out 
the  employmen ' t  ,and/or vocational  t ra ining s ta tus  
,of the non-respondents  was obta ined f rom other  
sources ;  these included d isab lement  r e se t t l emen t  
officers, government  e m p l o y m e n t  ,o.ffices, social  
workers ,  family physicians,  hospitals,  employers ,  
relat ives and friends.  
The choice of  s tudy variables  ( r isk  fac tors  
for  u n e m p l o y m e n t  in disabled people)  was based  
on our  earl ier  observa t ions  and those ,of o ther  
invest igators  (15). The da ta  p resen ted  here  
are res t r ic ted  to the resul ts  ,of 6-month mad 1-year 
follow-up of those at r isk  .of u n e m p l o y m e n t  
(excluding t ra inees)  during the observa t ion  
period.  The s tudy ou tcome is defined as full=time 
gainful e m p l o y m e n t  dur ing the follow-up period. 
Fu r the r  detai ls  of  the s tudy populat ion,  follow-up 
and  analytical  me thods  are given elsewhere (13-15). 
The ×2 tes t  was used to assess the signi,fi,cance of 
di f ferences  be tween  propor t ions .  The level of  
stat is t ical  s'ignificance of all associat ions descr ibed 
here  was  set at 5% or less. 
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RESULTS 
The resul ts  of the 6-month and 1-year follow-up 
are given in Table 1. Outcome was not  known for  29 
(1.4°,5) pa t ients  at  thee 6-month follow-up and 
57 (2.9%) pat ients  at the 1-year follow-up. 
Hereaf te r ,  , non-reSpondents  ,, will be def, ined 
as those subjects  who did not  r espond  to fol.low-up 
and in,formation .about their  e m p l o y m e n t  s ta tus  
was ob ta ined  f rom o,ther sources.  At the 6-mon'th 
~ollo.w-up, 44.8°'0 o,f the 1659 responden ts  and 34.4% 
of the 323 non-respondents  had  been employed.  At 
the 1-year follow-up, 51.2% o,f the 1436 respondents  
and  43.8% of the 465 non-resp,ondents had  been 
employed.  The differences be tween  empl.oyment 
ra tes  a m o n g  the responden ts  and non-respondents  
are s.tatically sign,ificant (p < 0.01). 
T A B L E  1, 
Response to follow-up of chronically disabled patients 
discharged from three English rehabilitation centres 
in 1973-76. 
6-month follow-up .I-year follo~e-up 
n. % n. % 
Total followed 2011 100.0 1958 100.0 
Respondents 1659 82.5 1436 73.3 
Non-respondents: 
Outcome 323 16.1 465 23.8 
known 
Outcome 29 1.4 57 2.9 
unknown 
The s tudy var iables  are l isted in Table 2. Non- 
response  was posit ively associa ted with  lower  
s.oc,ial class, poor  pas t  e m p l o y m e n t  record,  and  
cer ta in  types of disabil i ty;  it was  ,inversely 
associ,ated wi th  age, and the comple t ion  of a 
rehabi l i ta t ion course.  Response  ra tes  according  t.o 
the level of  each of these independent  vari,ables 
have been publ i shed  elsewhere (13). For  example,  
84.3% of the responden.ts to the 1-year follow-up 
and 76.2% o.f the non-respondents  had  comple ted  
their  rehabi l i ta t ion course, in  a mul t ip le  regress,ion 
analysis of the data on the responden ts  and  non- 
respondents ,  i ,ndependent r isk-factors  for  an 
adverse  o.utcome were  a low level of moti,eatio,n for  
work ,  .a high level of physical  disabil i ty,  long 
dura t ion  of u n e m p l o y m e n t  before  rehabil,itat, ion, 
fai lure to comple te  a rehab.il.itat}on course,  and  
a high level of general  u n e m p l o y m e n t  in thei'r h o m e  
a rea . . (De ta i l s  of these analyses,  regress ion coef- 
fici,ents for  each variable,  and mult ip le  co,rrel~ation 
coefficients are ~iven in previous  repor t s  (14, 15)). 
Hence,  only one variable,  the comple t ion  of a 
rehabil,itation course,  was  associa ted wi th  bo th  
non-respons.e and the outcome.  The ass.oeiation, 
however ,  was r a the r  weak.  The r 2 for  the 
T A B L E  2. 
Independent variables considered in a follow-up study 
of return to work among chronically disabled patients 










Duration of disability 
Disability in avalk~ng • 
Disability in lifting 
Disability in climbing 
Working at heights 
Duration of unemployment • 
Premorbid work record 
Employment record * 
Income 
Mobility for employment 
Completion of course*•  
Premature discharge reasons 
Home area unemployment 
rate • 
Type of disability * 
* Associated with response. 
• Associated with outcome. 
independent  re la t ionship be tween  this r i sk  fac tor  
and the ,outcome was only 0.02, as c o m p a r e d  to 
r 2 of 0.16 for  all .the five r isk fac tors  (15). 
At the 6-month follow-up, 73.8% .of .the 1659 
respondents  r e tu rned  the f irst  qu,est~iormaire 
mai led  to them,  the remain ing  26.2% re sponded  
to reminders .  The cor responding  proporVions ,at 
the  1-year follow-up were  66.9% and 33.1%. Tbe 
e m p l o y m e n t  s ta tus  of  the respondents  according 
to the delay in response,  i.e. the n u m b e r  ,of 
r eminders  mail.ed to achieve response,  and  o,f 'the 
non-resp.ondents is given in Table 3. At each follow- 
up, the e m p l o y m e n t  ra te  was highest  amor~g the 
r e s p o n d e n t s  who responded  wi.thout being re- 
minded  (ear ly  respondents ) ,  in te rmedia te  among  
the responden ts  who  re tu rned  ques t ionnai res  a f t e r  
reminder (  s ) ( late respondents  ), and  lowest  among  
the non-respondents .  
T A B L E  3. 
Employment status according to response behaviour 
of .chronically disabled patients discharged from 
three English rehabilitation centres in 1973-76 and 
followed for one year. 
~slon- 
Response after reminders re- 
spon- 
0 1 2-4 dents 
At six months: 
No. of subjects 
Employed (%) 
1225 334 100 323 
46.9 39.2 36.0 34.4 
At one year: 
No. of subjects 
Employed (%) 
961 394 81 465 
53.6 45.9 48.1 43.8 
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DISCUSSION 
The resul ts  of  this s tudy  provi,de some 
i m p o r t a n t  methodologica l  pointers .  The outc,ome 
among  the non-respondents  was sigr~iNcantly 
different  f r o m  tha t  among  the r e sponden t s  even 
when  tile response  ra te  was  .as high .as 82.5% 
,(Tables 1 .and 3). Due to the unusua l  na ture  of  
the ou tcome of in teres t  ,in this study, persona l  
character is t ics ,  such as age, sex, and  social class, 
were  not  associa ted wi th  the ou tcome (Table  2). 
An interest ing finding was tha t  the prevalence  
.o,f four  out  of the fi~.e r isk fac tors  a m o n g  the  
non-respondents  was s imilar  to tha t  a m o n g  ,the 
responden ts  (Table  2). The fifth r isk 'factor, tha t  
was  associa ted  wi th  non-response,  explained ,a very  
small  p r o p o r t i o n  .of the var iance  in the outcome.  
Consequently,  the ra te  of  e m p l o y m e n t  in the  non- 
responden ts  pred ic ted  f r o m  the prevalence  of 
i~isk fac tors  ( among  the  non- respondents )  would  
have been grossly .overestimated, and the mag,ni- 
tude  of  expected non-response  bias wou~d have 
been unqderestimated. 
The tower  e m p l o y m e n t  ra te  a m o n g  the non- 
respon~dents ,as c o m p a r e d  to the r e sponden t s  
(TabLe 3) m a y  to some extent  be  .due to the .effect 
of .outcome on response  behavior .  I t  m a y  also be  
that  ,certain fac tors  not  considered in this  study, 
tha t  influence the r isk  o,f u n e m p l o y m e n t  in the  
disabled,  were  more  or less preva len t  in 'the non- 
r e sponden t s  than  in the respondents .  An altern, afive 
explanat ion  m a y  be tha t  a l though the prevalence  
of known or  u n k n o w n  r isk  fac tors  was s imi lar  
among  the two groups,  the in te rac t ion  be tween  
the r isk  fac tors  and the ou tcome  anaong the  re- 
spondents  was different  f rom tha t  among  t~he 
non-respondents .  This pa t t e rn  of  differenN~a'l 
in te rac t ion  m a y  be  analogous t o  the p h e n o m e n o n  
of <, the  wor r ied  well ,, (4). A good example  o.f 
~ the wor r i ed  well ,, were  the par t ic ipan ts  .of the 
Col laborat ive  Lipid Research  P rog ram Study (5). 
In  this study, a subset  of non-par t ic ipants  were  
interviewe:d on  the telephone.  As c o m p a r e d  to 
the  par t ic ipants ,  the prevalence  .of card iovascular  
disease was  higher  among  the non-par t ic ipants ,  
bu t  tile prevalence  of a h i s to ry  of hyp.erl ipidemia 
and  family  h is tory  of ,cardiovascular disease was 
lower. 
There  are several  documen ted  examples  of  
the poten t ia l  use  o f  response  behav ior  of  respon- 
den,ts fo r  es t imat ing  the prevalence  .of the event  of 
in teres t  .among non-respondents .  Co.chrane (3) 
observed  tha t  among  Welsh coal miners  invited 
to a screening p rog ram,  the prevalence  o,f p~lmo- 
na ry  tubercolos is  was the lowest  a m o n g  those  
miners  who  par t ic ipa ted  early and the highest  
among  }at.e respondents .  In  a mai l  survey .of m e n  
par t ic ipa t ing  in the Norma t ive  Aging Study .in ~he 
Veterans  Adminis t ra t ion  Clinic 'in Bos ton  (12), 
c o m p a r e d  to late respondents ,  the prevalence  ,o~ 
cigaret te  smoking  was lower  :among ear ly  respon- 
dents ,and higher  among  non-respondents .  A s imilar  
pa t t e rn  was .observed in a r a the r  different  ,context, 
a mor ta l i ty  follow-up of psychia t r ic  pat ients .  In  this 
study, dea th  ra te  among  the group ,of pat ients  
,traced with  relative .ease was lower  than  that  
among  the group requir ing intensive t racing (16). 
The data  p resen ted  in Table  3 suppor t  the 
viewpoint  tha t  late respondents  are potent ia l  .non- 
respondents ,  and that  the ou tcome a m o n g  non- 
responden ts  is very likely to be  s imilar  ,to tha t  
among  late .respondents. I f  this a s sumpt ion  is 
empir ica l ly  tenable,  should a d~irect ext rapola t ion 
be made  f rom potent ia l  non-respondents  to actual  
non,respondents ,  or  'is a l inear  ext rapola t ion  
dictated? A t rend seen in Table  3 suggests th,at a 
l inear  ex t rapola t ion  might  be appropr ia te .  Even ~,f 
the prec ise  magni tude  of non-response bias  can 
not  .be es t imated  f rom such extrapolati,ons, an 
examinat ion  of response  behavior  should af ford  
a clue .to the presence  and direct ion of non-response  
bias (.6). 
I t  should be realized that  tile object ives .of 
this s tudy were  to asses~s the de te rminan t s  ,of socio- 
economic  consequences  of chronic  di.sability 
r a the r  than  the de te rminan t s  of chronic  disability. 
The s tudy cohort  were  diseased .or in jured  subjects  
wi th  residual  impa i rments ,  the ou tcome of interest  
was employment ,  mail  quest ionnaires  were  used  
for  follow-up, and the observa t ion  cp.eriod was bl~ief. 
Non-response  ra tes  were  not  very  high. Con- 
sequently,  tbe inclusion of the non-respondents  
made  little difference to th,e overall  emp loymen i  
ra tes  ,(43.0% vs. 44.7% at  6 months ,  .and 49.4% vs. 
51.251.2% at 1 year) ,  a l though the  emp loymen t  
ra tes  among  the two .groups were  ,sig- 
nif icant ly  d i f ferent  (Table  3). In  ,studies 
wi th  non-response  ra tes  h~igher than  'in ~h, is 
s tudy .or a g rea te r  differei~..ce in o~tco,me 
a m o n g  the respondents  and the non-respondents ,  
the inclzlsion of the non-respondents  m a y  ,substan- 
ti.ally a l ter  the overall  rate.  The findings of  this 
s tudy may  not be repl icable in .other si tuations,  bu t  
' they .should prov ide  encouragem,ent  for  exptoi,ting 
prospec t ive ly  collected data  par t icular ly  in studi,es 
where  response  may  be affected by  the outcome.  
In conclusion, r isk es t imates  in a prospect ive  
s tudy may  be biased even when  the res.pon.se ra te  
~i,s g rea te r  than  80%. The presence  of non-response 
bias or  ,its magni tude  can not  be es t imated  wi th  
confidence f rom the associat ions be tween  response  
,and demograph i c  character is t ics ,  o,r f r o m  the 
preva lence  of r isk factors  among  the non-respo,n- 
,dents. I f  ,data on the incidence of ou tcome in the 
non-resp,ondents are available f rom indirect  
sources,  the  validity of ext rapola t ions  f rom rates  
among  the respondents  according to the delay in 
response  should be tes ted unde r  different  
condit ions.  
42 
Vol. 2, 1986 Predicting risk among non-respondents. 
R E F E R E N C E S  9 .  
i. Barton J., Bain C., Hennekens  CH., ,Rosner B. 
Belanger C., Roth  A. and Speiger F.E. (1980): 
Characteristics of respondents  and  non-respondents  10. 
to a mailed questionnaire.  - Am. J. Pub. Hlth., 
70: 823-825. 
2. Clausen J.A. and Ford R.N. (1947): Controlling bias 11. 
in mail  questionnaires.  - J. Am. Stat. Assoc., 42: 
497-5.11. 
3. Cochrane A.L. (1951): Occupational and do- 
micil iary factors in pu lmonary  tubercolosis. In:  12. 
Medical Research Council. The application of 
scientific methods to industr ia l  and service 
medicine. - HMSO, London. 
4. Criqui M.H. (1979): Response bias and risk ratios 13. 
in epidemiologic studies. - Am. J. Epidemiol., 109: 
394-399. 
5. Criqui M.H., Barrett-Connor E. and Austin M. 14. 
(1978): Differences between respondents  and  non- 
respondents  in population-based cardiovascula,r 
disease study. - Am. J. Epidemiol., 108: 367-372. 
15. 
6. Ellis R.A., Endo C.M. and Armer  J.M. (1970): The 
use of potential  non-respondents  for studying non- 
response bias. - Pacific. Sociol. Rev., 13: 130-139. 
7. Greenland S. (1977): Response and follow-up bias 16. 
in cohort studies. - Am. J. Epidemiol., 106: 184q87. 
8. Hill A.B. (1951): General principles of field surveys. 
In: Medical Research Council. - The application of 17. 
scientific methods to industr ia l  and service 
medicine. - HMSO, London. 
MacMahon B. and Pugh T.F. (1970): Epidemiology: 
Principles and methods. - Little, Brown and Co., 
Boston. 
Mausner J.S. and Kramer  S. (1985): Epidemiotogy: 
An in t roductory  text. - W.B. Saunders Co., Phil- 
adelphia. 
Menott i  A. (1978): Incidence in non-respondents.  
In: Holland N.W. and Karhausen L. (eds.). Health 
care and epidemiology.-  H. I~impton Publishers., 
London. 
Sel tzer  C.C., Bosse R. and Garvey A.J. (1975): 
Mail survey response by smoking status. - Am. 
J. Epidemiol., 100: 453-457. 
Sheikh K. and Mattingly S. (1981): Investigating 
non-response bias in mail  surveys. - J. Epidemiol. 
Communi ty  Hlth., 35: 293-296. 
Sheikh K. and Mattingly S. (1982): Does the type 
of disabling impa i rment  influence re turn  to work. 
- Pub. Hlth., 96: 238-242. 
Sheikh K. and Mattingly S. (1984): Employment  
rehabil i tat ion:  outcome and prediction. - Am. J. 
Ind. Med., 5: 383-393. 
Sims A.C. (1973): Impor tance  of a high tracing-rate 
in long-term medical follow-up studies. - Lancet, 
2: 433-435. 
Tagliacozzo R. and Vaughn S. (1982): Stress and 
smoking in hospital nurses. - Am. J. Pub. Hlth., 72: 
441-448. 
43 
